Cape gooseberry (Physalis peruviana L.) is a solanaceous plant. The growth and time-course of nutrient accumulation of the plant and its partitioning between roots, stems, leaves, and fruits were examined. The study was conducted analyzing two nutrient solutions in soilless culture under greenhouse conditions during two consecutive seasons. The macronutrient contents were analyzed. On average, the yield was 8.9 t·ha -1 . Growth of the plant until 90 d after transplanting obeys an exponential function of time and the relative growth rate for this period was determined. Nitrogen (N) was the element that showed the highest concentration, corresponding to leaves (4.67%), followed by potassium (K) in stems (4.46%). The highest accumulations of N, phosphorous (P), calcium (Ca), and magnesium (Mg) were found in leaves and of K in the stems.
INTRODUCTION
Cape gooseberry or golden berry (Physalis peruviana L.) is a solanaceous plant originating from the Andean region. It is characterised by the production of orange seedy berries, about the size of a marble, enclosed in an inflated papery calyx, resembling Chinese lanterns (Trinchero et al., 1999; Ramadan and Moersel, 2007) . These fruits, which are pleasantly flavored and contain high levels of vitamin A, B, C, carotene, phosphorus (P) and iron (Fe) (Hewett 1993) , are consumed fresh -as well as in jam, juice, and other types of foodstuffs (Ramadan and Moersel, 2007; . Colombia is the main producer in the world, followed by South Africa (Mazorra et al., 2006) , and there is commercial production in Ecuador, Peru, Kenya, and New Zealand. The cultivation of cape gooseberry is not widely spread in the Spanish Mediterranean area, but it can be considered as an alternative or a complementary option to the traditional crops grown under climatic protection (Cuartero et al., 1983; Maroto, 2002) .
Apart from the study carried out by El-Tohamy et al. (2009) in Egypt, referring to nitrogen (N) , no studies regarding nutrient absorption and accumulation in cape gooseberry have been found. There are many fertilization recommendations which differ considerably in doses as well as in equilibrium: ranging from 50 to 310 kg·ha -1 N; from 0 to 250 kg·ha -1 phosphorous pentoxide (P 2 O 5 ); and from 50 to 1400 kg·ha -1 potassium oxide (K 2 O), depending on soil fertility, cultivation cycles (depending in turn on climatic conditions), and crop management (Collazos, 2000; Convenio MAG-IICA, 2001; Zapata et al., 2002; Angulo, 2005) . The present study examines cape gooseberry plant adaptation to cultivation under greenhouse conditions and in soilless culture in the Mediterranean area during a winter-spring cycle. Two nutrient solutions and two experimental seasons are analyzed for total nutrient absorption, and the absorption rate is also analyzed in order to establish the bases of a rational fertilization programme in which the supplies meet crop demands. leaves; and (iv) fruits. After washing, each sampled plant part was dried at 65ºC in a forced-air oven until constant weight to determine dry matter (DM). The remains were then mineralized and analyzed following the analytical methods of the Association of Official Analytical Chemists (AOAC International, 2000) . The N content was determined using the Kjeldahl (semi-micro) method; P content was determined using the phospho-molybdovanadate colorimetric method at 430 nm; while K, Ca, and Mg levels were determined with an atomic absorption To evaluate the results, the average value of the data corresponding to three sampled plants from each block was used. By using data regarding the DM of each plant part, the proportion of each organ to the total dry matter for roots, leaves, stems, and fruits, was calculated for each sampling. Two different stages -the vegetative and reproductive stages -were considered and the appearance of the first fruit was considered the indicator of the change from vegetative to reproductive stages, as Salazar et al. (2008) reported.
MATERIALS AND METHODS

Experiments
By using data regarding the DM of each part of the plant, as well as the corresponding nutrient contents, it was possible for the exponential growth phase to determine: (i) the mean relative growth rate (RGR; g·g -1 ·d -1 ) between samplings:
where W 2 and W 1 were the total biomass at sampling times t 2 and t 1 , respectively (Williams, 1946; Radford, 1967; Causton, 1991) ; (ii) the accumulated nutrient uptake (g plant -2 ); and (iii) the specific nutrient uptake rates (I M ) between samplings (mg nutrient absorbed·g -1 dry root
where m 2 and m 1 are the amounts of a given nutrient at sampling times t 2 and t 1 , respectively; while r 2 and r 1 are the respective dry root weights, and RGR root is the mean RGR of the root (Williams, 1946; Bellaloui and Brown, 1998; Zerihun et al., 2000) : 
RESULTS
Registered daily temperatures (maximum, average, and minimum) inside the greenhouse for experiment 1 are presented in Figure 1 . No deficiency symptoms appeared and the plants had a good visual appearance. There were no significant effects, at any sampling, of the year or the nutrient solution: (i) on the accumulation and partitioning of DM, or (ii) on the nutrient uptake (data not shown). This statistical insignificance meant that the average data of both experiments could be used. (Williams, 1946) as derived from these exponential relationships. Changes in RGR values during 90 DAT are presented in Figure 3 , the highest value (0.103 g·g -1 ·d -1 ) being found between days 0 and 15.
Accumulation and Partitioning of Dry Matter
In terms of fresh fruit weight, the plants produced 666 g·plant -1 (the equivalent to 8.9 t·ha -1 ).
Fruits were mostly harvested (90%) from 90 to 185 DAT (Figure 4 ).
Concentration and Accumulation of Nutrients
The element found in the highest concentration in the plants was N, with the highest concentration found in leaves (4.67% at the end of the cycle; Figure 5 , Panel A). Nitrogen was followed by K, with the greatest proportion found in stems (4.46%; Figure 
DISCUSSION
The cape gooseberry plants revealed a high proportion of DM for leaves in the vegetative stage, and this proportion decreased for the reproductive stage. These results agree with those reported in the literature, in the sense that the DM fraction for the leaves was higher (lower) than that for Bennett et al., 1979; Leskovar and Cantliffe, 1993; Wubs et al., 2007) , tomato (69-74%; Heuvelink et al., 2005) , cucumber (Cucumis sativus L.; 52-59%; Marcelis, 1993) and pepino (Solanum muricatum Ait.; 30%; Fresquet et al., 2001) .
Temperatures registered in studies carried out by Angulo (2005) in Chia (average maximum and minimum temperatures of 25.8ºC and 9.8ºC, respectively) and Salazar et al. (2008; average daily and night temperatures, respectively of 19.9ºC and 11.9ºC in Chia, and 21.3ºC and 15.7ºC in Miraflores, respectively) were lower than those registered in this study (Figure 1 ). Wolff (1991) used three Physalis peruviana cultivars in a study carried out in the southern Mississippi Delta region, obtaining that none of the three cultivars produced mature fruit, and concluding that this lack of flowering and fruit set was possibly due to the summer temperatures (average 30ºC), citing that Morton and Russell reported lack of flowering in the Bahamas during the hot summer months, with flowering and fruit set occurring during the cooler autumn season.
In the present study, a lack of flowering and fruit set were stated around 165 DAT and coinciding with high temperatures ( Figure 1) ; and some plants later senesced, which led to the finishing of the cycle.
With earlier cycles (transplanting at the beginning of autumn) the cultivation cycle could be extended and yields would probably increase, as reported Martí et al. (2003) who obtained yields up to 11.2 t·ha -1 in soil and under greenhouse in the same UPV campus, using a longer autumnal-spring-like cycle, and with sowings in the second two weeks of August and transplanting in the first two weeks of October. The data indicates that cape gooseberry could do well as a crop in the Mediterranean region. The highest RGR value, 0.103 g·g -1 ·d -1 , corresponded to the initial phase of the cultivation cycle (between 0 and 15 DAT); and after this period there was a drop in the value of this parameter. The RGR values were slightly higher than those determined for pepper (Turner and Wien, 1994) and pepino (Fresquet et al., 2001 ).
Nitrogen was the element that showed the highest concentration in cape gooseberry, with (2005) in Colombia, in the sense that K and P are, respectively, the elements recommended in the highest and the lowest amounts.
Finally, despite high accumulations, the I M of nutrients was not particularly high, and the I M values were lower than those reported for pepino (Fresquet et al., 2001 These findings are a substantial contribution to the knowledge and understanding of the growth and nutrient absorption of the cape gooseberry, allowing to establish a rational fertilization program for cape gooseberry in soilless cultivation. Moreover, they are the base to develop a rational fertilization program for cape gooseberry in soil conditions and to produce an analysis guide for this plant. 
